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Abstract 
The liquidity requirements and the available liquidity are aspects that are influenced by order-independent and order-specific 
business processes; they represent dynamic parameters over time, making it difficult for many companies to plan and ensure 
liquidity. Apart from the complexity of material and financial flows, it is the time gap in the flows of the order fulfillment process 
which complicates the determination of future liquidity requirements. 
This paper presents a causal model based on cause-and-effect networks, which takes an integrated look on the material and 
financial flows derived from the value creation process to identify future liquidity requirements. 
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1. Introduction 
The business environment in which small and 
medium-sized enterprises (SMEs) operate today is 
characterized by highly complex and dynamic markets 
[1-3]. On the one hand, globalization helps to open up 
new sales markets; on the other hand, corporate 
competition has intensified both at local and global 
level. Globalization has triggered the relocation of 
production and sales capacities [4]. As a result, national 
and industry-specific business fluctuations, increased 
exchange rate fluctuations and new legal provisions [5] 
need to be considered. 
The ever shorter and volatile economic cycles also 
pose an enormous challenge to SMEs. The global 
economic crisis triggered by the banking crisis in 2008 
was a most serious event, which particularly affected 
mid-sized companies [6-7]. 
The financial crisis has cast a shadow over the 
economic and the financial prospects of SMEs. Mid-
sized business as a pillar of the German and European 
economy has been thrown into serious turmoil by the 
mentioned challenges. This is confirmed by a look at the 
insolvency statistics: More than 99% of the 30,200 
companies that declared bankruptcy in 2011 were SMEs 
[8]. 
A company goes bankrupt if it cannot service its 
debts. The reasons for liquidity shortages and the 
resulting bankruptcies are manifold. A frequent cause is 
the low level of equity capital of SMEs and the resulting 
lack of opportunities to bridge unexpected financial 
shortfalls [9-10]. The legal framework of Basel II and 
Basel III also contributes to tighten the lending practices 
of the banks [11]. Niederöcker [12] claims that medium-
sized enterprises are particularly susceptible to 
bankruptcy. Apart from a higher risk in this business 
category, he believes the cause lies in the lack of 
financial knowledge and particularly in missing financial 
planning. Other authors also recognize the fact that 
SMEs lack financial planning [13]. Henneke [11] and 
Reichmann [14] see a particular need for active financial 
management with SMEs. Appropriate financial 
management and the resulting transparency will enable 
SMEs to provide for the necessary liquidity to sustain 
their businesses. Özbayrak and Akgün [15] state that 
financial feedback to the production process is getting 
essential. 
In this paper, the term liquidity will be used to 
describe the permanent solvency of an economic entity. 
Solvency is the ability of a company to fully meet its 
payment obligations as they fall due [16]. Since it is 
getting more difficult to raise capital from outside 
lenders, liquidity or solvency can be achieved as well 
from own resources. The model provides an approach to 
control the material and financial flows, using equity 
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capital to meet the need for liquid funds. To achieve this, 
the causal model and its cause-and-effect networks are 
based on the value creation process, which is directly 
linked to the material flow. The determinants derived 
from the material flow are dynamically related to the 
cash flow over time. Accordingly, the required liquidity 
is to be linked to the relevant payables and receivables 
by cause-and-effect relationships. Below, two methods 
are put to the test to reveal the deficiencies in industry. 
2. State-of-the-art 
2.1. Financial planning 
To provide transparency, one approach from the 
financial world is to draw up detailed financial plans for 
the companies [16]. Financial planning is used as a 
method to manage the financial resources of a company 
in the long run without risking a tight liquidity situation. 
Pernsteiner et. al [17] speak of a transparent financial 
development to ensure that companies are put on a solid 
footing. Financial planning is used for determining the 
lack or the surplus of liquidity and, if needed, the 
amount of cash to be provided. The broad term of 
financial planning is also referred to as 
‘Produktionscontrolling’ [18] or liquidity/cash 
management [9], financial management and 
‘Finanzcontrolling’ [19] in literature. At heart, the 
different terms share the goal of ensuring solvency and 
thus the liquidity of companies. Klepzig [9] sees a shift 
in the financial domain of medium-sized companies 
from being mainly reactive managers of consequences 
for business processes to increasingly active drivers of a 
financially oriented process design. This becomes 
particularly obvious in tough economic times, when 
ensuring the liquidity of operational business is given 
priority over improving the enterprise value. 
Basically, financial planning is about comparing the 
cash inflows and outflows of one or several periods 
while considering the opening and the closing balance 
[19]. Starting point for financial planning and especially 
the financial plan are the performance-related action 
plans set out for a specific period. The sales plan, which 
indicates the items and the quantities to be produced as 
well as the envisaged customers, is used to define the 
relevant plans such as staffing plan, storage plan, and 
production schedule (see Figure 1). Then, the expected 
cash inflows and outflows are derived from the action 
plans. The result is accumulated in the financial plan. 
[19]. 
The time horizon of financial planning distinguishes 
between long-, medium- and short-term financial 
planning. The multi-level design allows for an early 
detection of possible difficulties. To better respond to 
these problems, long-term financial planning is designed 
to address the strategic aspects of practical business 
management [17]. 
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Figure 1: Financial planning [19] 
As the level of detail over the long term is very low, the 
data available for planning is very crude. Only as the 
time frame decreases and planning refers to medium- 
and short-term financial planning, these data become 
more detailed. From one to the next financial planning 
level not only the horizon changes but also the tools and 
the parameters that are used. While fixed assets and 
capital assets are used as parameters at the long-term 
level, short-term financial planning resorts to cash 
inflows and outflows as well as cash assets [19]. 
Unlike long-term strategic planning, short-term 
planning focuses much more on operational business. In 
the presented paper, long- and medium-range financial 
planning is of minor importance due to the lack of detail. 
Short-term and daily financial planning, however, plays 
a key role and will be examined in further detail. 
Short-term financial planning is concerned with 
planning throughout the year. Its planning horizon 
ranges from weeks up to six months. The focus on 
operational business at this level makes reliable data 
available and so increases the accuracy of planning. The 
planning horizon is divided into periods on a weekly or 
monthly basis. Parameters are cash inflows and outflows 
and financial assets such as cash and cash equivalents, 
receivables and payables. 
A more detailed view provides day-to-day financial 
planning which ensures daily solvency, as cash inflows 
and outflows are monitored precisely to the day. 
Parameters are cash inflows and outflows, as well as 
cash and cash equivalents [19]. 
Financial planning focuses on the financial part. The 
link between financial flow and value creation process is 
not at all considered in this method. 
2.2. Working Capital Management 
Another approach that is frequently used in practice is 
working capital management. It is a part of the short-
term financing of a firm [20]. The main objective of 
working capital management is to free up available 
liquidity by reducing the capital tied up in current assets. 
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Hofmann and Kotzab [21] point out, that companies 
need a certain level of working capital to handle the 
unpredictive and variable financial in- and outflows. 
Guserl [16] points out three primary goals: 
 Reduce financing costs, 
 improve production by increasing efficiency and 
effectiveness and 
 promote internal financing to free up liquid assets. 
The amount of fixed capital depends on the capital 
intensity of the industry, the lead times in the value 
creation process, and the business model. Other 
important factors are the payment terms agreed with 
suppliers and customers. 
The working capital is measured by the cash-to-cash 
cycle as an operational figure [16]. The cash-to-cash 
cycle, or capital conversion cycle (CCC), is an indicator 
for the capital tied up in current assets and is measured 
in days [22]. The CCC is defined as the average amount 
of time it takes an investment in resources to return to 
the company as payments from customers. Accordingly, 
the CCC reflects the capital tied up in operational 
business as defined by financial supply chain 
management. The CCC is measured as follows (see 
Figure 2): 
CCC = days inventory outstanding (DIO) + days sales 
outstanding (DSO) – days payables outstanding (DPO) 
[21]. 
The CCC is often used for inter-company benchmarking, 
but in this paper it is understood as an instrument 
focusing on internal material and financial flows and the 
design of procurement and distribution processes [16]. 
2.3. Shortcomings of existing approaches 
Existing approaches suffer from weaknesses which 
make it difficult for SMEs to determine the required 
liquidity. All mentioned methods aim at improvements 
through direct or indirect measures of financial 
optimization. The process that is actually responsible for 
the cash inflows and outflows is the value creation 
process, which, however is often ignored or only 
superficially explored.  
While financial planning is too crude at the strategic 
level, at operational level the details are sufficient; 
however, the response time for SMEs to satisfy their 
liquidity requirements is too short. That means, there is 
little room for manoeuvre since the focus is on financial 
flows and only financial adjustments are made. Although 
financial planning relies on present cash inflows and 
outflows, it considers current output only in as much as 
it is based on the crude figures of medium- to long-term 
planning. That’s why orders currently being processed 
and/or future orders planned by the PPC system are not 
included.  
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Figure 2: Cash Conversion Cycle linked to the value creation process 
[23] 
Optimizing the working capital is a method 
companies frequently apply to free up liquid assets by 
reducing inventories and improving payment terms both 
for receivables and payables. However, the method 
likewise considers only financial flows. The material 
flow is considered as a source of liquidity in terms of 
static inventory. Working capital management puts the 
inventories to the test but not the process. Hence, 
working capital management only frees liquidity in 
terms of one-time optimization. It does not consider the 
daily business and the challenges that result from it. 
If the focus in determining the future liquidity 
requirements is to be on the value creation process with 
its material flows moving forward or backwards in time, 
which in essence are decisive for the cash flow, then a 
causal model is needed. This causal model has to link 
and map the flows and their time difference in cause-
and-effect networks. 
3. Causal model for proactively determining the 
liquidity requirements 
The causal model uses cause-and-effect networks to 
determine the future liquidity requirements and 
combines three pillars in the performance-related 
domain with the flow of goods and the cash flow. At the 
heart of the causal model and its cause-and-effect 
networks is the value creation process. The latter largely 
defines the material flow, which, in turn, precedes and 
triggers the cash flow. The value creation process and its 
inherent material flow help to establish the relevant 
causal relationships with the other two pillars, i.e. the 
procurement and the sales process (see Figure 3). By 
focusing on the core operational business and 
considering both production orders and planned orders, 
the future short- and mid-term liquidity requirements can 
be explored in detail. Here, the three pillars are used to 
develop the determinants for calculating the liquidity 
requirements. To ensure practicability, the causal model 
is to be designed for easy use. 
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Figure 3: The three pillars of the causal models 
3.1. Value creation process and its determinants 
As mentioned, the value creation process is the 
connecting point for all cause-and-effect networks. The 
individual cause-and-effect relationships can be derived 
from the value creation process, which largely depends 
on the factors of production. The causal model considers 
the following factors: 
 Material 
 Production equipment 
 Labor 
The three factors serve as inputs to create output from 
the value creation process in the form of saleable 
products. Next to the primary factors of production, 
there are further determinants defining the value creation 
process. They can be derived from the routing, the BOM 
and the material master data. All the documents and 
information mentioned above are usually stored in the 
top-level ERP system of a company. These determinants 
govern the production process and the value creation 
process in terms of time and from a process perspective. 
The relevant determinants define the sequence of labor, 
material and production equipment. 
The routing provides the following determinants: 
 Material to be used, 
 operations involved in making a product and 
 cycle time to perform the operation. 
 It also indicates the production equipment and the 
operating supplies. 
 Labor involved for the production. 
The BOM best suited for the causal model is the multi-
level BOM, as it displays the parts and components at all 
structural levels in appropriate form. The determinants 
from the routing and the multi-level BOM clearly define 
the product made in the value creation process in terms 
of time, material and operations. The analysis of the 
products should be executed for all saleable products. 
Hence, the production spectrum is defined in terms of 
the value creation process.  
Besides, product-related determinants are, for 
example, labor costs, which cannot be specifically 
attributed to products. In terms of costs, the employees 
have to be paid each month. These financial flows are 
independent from the actual production plan. The same 
is true for energy costs or the factory rent etc., where 
applicable. For the causal model, these costs and 
financial flows are separated from those flows that can 
be directly attributed to specific orders. Therefore, these 
running costs are handled as a constant flow that, unlike 
the other financial flows, is independent from the current 
production plan. This allows an easier handling of the 
financial flows. Ideally, the costs are generalized for 
each month and represent a constant liquidity demand. 
Apart from this constant liquidity requirement, the value 
creation process with its determinants triggers specific 
material and financial flows concerning the actual 
production plan. 
The surrounding pillars including the procurement 
process and the sales process are connected through the 
material and financial flows to the value creation 
process. The two pillars significantly define the CCC. To 
calculate the future liquidity requirements additional 
data from the item masters, which are stored for each 
saleable item in the top-level ERP system is needed. 
These data represent the financial determinants in the 
causal model. They indicate  
 the source of supply, i.e. the supplier, 
 if the article is produced in-house or externally, 
 either the replenishment lead time for each purchased 
part, or the in-house production time, 
 alternative suppliers for each purchased part, 
 the price and quantity terms for each item. 
The pillars will be described in detail in the following 
two chapters. 
3.2. Procurement process 
The value creation process allows determining the 
triggering points for the procurement process. In the 
causal model, the cause-and-effect relationships have to 
be established now between the value creation process, 
representing production, and procurement. 
The determinants of the second pillar indicate the 
lead time for a product or item. Starting from the 
customer requested date, a production order can now be 
scheduled backwards to identify the points when raw 
materials, parts and components are needed. Likewise, 
the causal model must include the points in time when a 
part must be made available on the shop floor, as well as 
the replenishment lead times. This determines the 
triggering point for procurement and, based on the price 
and payment terms from the item master data, makes it 
possible to calculate the payment date for each 
purchased part fitted into a product. The following 
determinants are important for the first pillar of the 
causal model: 
 If the article is suitable for in-house production or 
external production, 
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 stock type of article 
 alternative supplier and 
 terms of payment. 
The terms of payment in combination with the 
replenishment lead times and the requirement points 
from the value creation process define the exact payment 
date. Hence, the payment date spans the cause-and-effect 
networks from the value creation process to the 
procurement process. These cause-and-effect networks 
in the causal model represent the outflow of liquid 
assets. This is the first part of the cause-and-effect 
network. The second part is determined by the sales 
process. 
3.3. Sales process 
The other way round, the relationship to the customer 
needs to be mapped by cause-and-effect networks as 
well. The branches now reveal the determinants 
representing the inflow of liquid assets. As for the 
suppliers, the determinants of the customer relationship 
are the terms of payment. Apart from these aspects, the 
causal model includes the risk of payment defaults upon 
which customers rating are based with a view to the 
potential loss of receivables outstanding. Relevant for 
the causal model are: 
 Terms of payment and 
 the default probability of the account receivable 
The default probability of the account receivables 
should be developed for each customer according to past 
values and other specific data, e.g. from agency reports. 
The determinants categorized the customers into specific 
liquidity groups. These groups effect the inflow of liquid 
assets. 
3.4. The causal model and its determinants 
After balancing the cash inflows and outflows, the 
future liquidity requirements can be quantified for each 
saleable product made by a company either as 
production order or planned order in the short or 
medium run. The structure of the causal model allows 
different evaluations of the future liquidity requirements. 
On the top level, the liquidity demand of the company is 
shown. However, the focus can also be on specific order 
types or specific customer orders. Figure 4 shows the 
causal model with its cause-and-effect networks to 
calculate the relevant values for the future liquidity 
requirements. 
The limitation of the presented causal model is the 
specific focus on the value creation process. The 
limitations are mainly concerning other financial flows, 
which do not occur from the value creation process. 
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Figure 4: Causal model and its determinants 
For example investments in equipment, interest rates 
from rents and other financial investments. 
However, since the causal model with its aim to 
create the liquidity requirements from the value creation 
process, these financial inflows should be considered in 
a second step. The accuracy of the liquidity status in the 
short- and mid-term is still mainly dependent by the 
actions that derived from the material and financial flow 
reasonably determined by the value creation process. 
The causal model represents one cornerstone of a 
liquidity management system that fosters SMEs ability 
to reduce their risk of bankruptcy and to deal with future 
shortages of liquidity. It enables SMEs to manage 
proactively their future liquidity requirements on the 
basis of the value creation process. 
4. Validation of the model 
The model has been validated in a SME that produces 
in small batch production lift components. The results of 
the causal model have not only been limited to future 
liquidity requirements. The transparency for the CEO in 
terms of liquidity requirements on a weekly basis has 
been helpful to react quickly if there has been occurring 
shortages of liquidity. Another advantage of the causal 
model has been the identification of aberration of the 
actual inflow of liquid assets and the data in the ERP-
System. In some cases the aberration has been a multiple 
of the stored data in the system. 
With the causal model the SME was able to estimate 
precisely time and amount of liquid inflow. In terms of 
the procurement process the amount of the non-order 
related material has been included in the model via the 
inventory turnover ratio and the time of storage for each 
material. With these determinants the liquidity 
effectiveness has been identified. As a result the material 
with high liquidity effectiveness was handled separately. 
The production process and the lead time have been 
extracted from the routing and BOM. The inclusion of 
the lead time and the combination with the material 
flows significantly raised the transparency. 
The transparency of liquidity requirements on a 
weekly base has been supporting the CEO in his 
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financial decisions. Another useful aspect of the 
transparency has been in terms of the posed 
requirements from other stakeholders, e.g. banks. 
Thanks to the identified adjusting levers the SME could 
easily react to liquidity shortages in short- and mid-term 
horizon. 
5. Conclusion 
The causal model presented in this paper enables 
SMEs to calculate their short-term liquidity requirements 
from their present and future customer orders and the 
relevant master production schedule. Thus, SMEs can 
respond very quickly to potential liquidity shortages 
through targeted measures. Unlike existing models, the 
presented causal model focuses on the value creation 
process to determine the future liquidity requirements. 
So, the liquidity requirements ascertained by the cause-
and-effect networks within the causal models can be 
broken down in detail to order types and individual 
orders. This opens up new opportunities in liquidity 
management. 
Based on the causal model, not only individual 
inventory optimization measures can be carried out to 
free up liquidity at short notice but also measures in the 
field of PPC. Thanks to the cause-and-effect networks 
showing the impact on liquidity, scheduled orders can be 
included in the master production schedule so that they 
conform to optimal liquidity. Also, the causal model can 
provide proactive support in case of liquidity shortages 
by matching the planning and control of production 
orders to optimal liquidity. The visibility into the future 
liquidity requirements created by the causal model will 
make borrowing money from banks in form of credits 
easier because the bank requirement for transparency is 
fulfilled. Another benefit of the causal model is that it 
can be applied with a view to effort. While present 
methods are not suitable for the liquidity management of 
SMEs, as they tie up too many resources and so cannot 
be applied, it was taken care that the causal model is 
designed to be as detailed as necessary and as simple as 
possible. 
Additional research aspects refer to the integration of 
the presented causal model into the MES and PPC 
systems of companies. In the future, the scheduling logic 
could not only aim for best possible schedule reliability 
or short lead times or high utilization but also include the 
consideration of the liquidity requirements. Furthermore, 
the causal model has to be broadened including other 
financial aspect into the financial flows. 
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